E.E. 451.3 VLSI Circuit Design 


ASSIGNMENT #1 

Out: January 25 th , 2001 
Due: February 1**, 2001 


The circuit shown below is a voltage reference generator circuit, used to 
generate auxiliary voltages that might be necessary in certain types of designs 
(i.e., for pre-charged digital circuits, analog circuits, etc.). It generates an output 
voltage, V^, which depends on device parameters, including transistor width and 
length (W:L). 


+5V 



Determine the output voltage for the circuit shown (size notation is W:L). 
Use CMOS3DLM device parameters as shown on Page 2. Note that standard 
substrate connections (not shown) have been made (i.e., \&s for the htchannel 
transistor and Vdd for the P-channel transistor). 
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E.E. 451.3 VLSI Circuit Design 

ASSIGNMENT #2 


Out: February 1 *\ 2001 
Due: February 8 th , 2001 

1. It has been noted that there is no BUFFER gate in CMOS digital logic. Of course a 
BUFFER can be built using two inverters in series at the expense of added propagation 
delay and increased size (approximately 2x the size of an inverter). A digital designer has 
proposed the following circuit as a solution to the BUFFER gate problem. Discuss. 


^ cVoi>vwv(X 
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2. Design a CMOS circuit to implement the following logic function. 

F = D + A(B+C) - 

a. Use only standard NAND, NOR, and INVERTER gates to implement the function. 
How many transistors are needed? 

b. Use an Arbitrarily Complex Function (ACF) to implement the function. How many 
transistors are needed? 

3. All parts of this question concern a schematic design domain abstraction of a D-type Static 

Latch. The circuit is shown below (and is included in your class notes). s- <o 
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a) As mentioned in class, sometimes the design domain abstraction loses track of what 
the designer intended (reality). Does the circuit function as intended? If not, dearly 
show your corrected dreuit. Verify dreuit operation (use a timing diagram). 
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E.E. 451.3 VLSI Circuit Design 

ASSIGNMENT #3 

Out: February 15 th , 2001 
Due: March 8 th , 2001 

1. All parts of this question concern a schematic design of a D-type Static Latch. The correct 
circuit is shown below. 



A library of standard cells (Assignment_3.elib) is on the E.E. 451.3 class web-site 
(httD://www.enor.usask.ca/dasses/EE/451) linked off of the assignment page. Save this 
library where you are working on this assignment. This library contains an inverter and a 
design for a docked inverter (dkjnv) for your use. If you are using an Apple computer, 
please see me. 

a) Using the standard cells in the provided library “wire together" the above tircuit using 
Electric. Obtain a print out of your layout plot 

b) Perform a logic simulation using the ALS simulator built into Electric (Tools- 
>Simu!ation->Simulate...) Obtain a print out of yourtiming plot. 


Engineering Physics student please note: 

Accessing Electric and Winspice from domains other than Engineer 

Electric and WinSpice should be available by copying them from the 
PROGRAMS folder in the winapp folder on the computer named RUBE in the 
Engineer domain accessed from the Network Neighborhood shortcut usually 
found on the desktop of the PCs. Please note that they are relatively large. 

Engineer domain: \\RUBE\winapp\\PROGRAMS\electric 
Engineer domain: \\RUBE\winapp\\PROGRAMS\winspice 
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"Put up your hands if this makes sense." 



hand goes up) "Good enough." 





























Main: 60n$e Ext: 300nsec Delta: 240nsec 



E.E. 451.3 VLSI Circuit Design 

ASSIGNMENT #4 

Out: March 8 th , 2001 
Due: March 15™ 2001 

1. All parts of this question concern a schematic design of a D-type Static Latch. The correct 
circuit is shown below. 



A library of standard cells (Assignment_3.elib) is on the E.E. 451.3 class web-site 
(http://www.enqr.usask.ca/classes/EE/451) linked off of the assignment page. Save this 
library in the directory where you are working on this assignment. This library contains an 
inverter and a design for a docked inverter (dkjnv) for your use. If you are using an Apple 
computer, please see me. 

a) Using your arcuit from Assignment #3, extract the SPICE deck for the s4atch and 
simulate using WinSpice. Use the same signals as you used in Assignment #3. 
Obtain a print out of your SPICE plot 

If you are adding SPICE parts to your s-latch layout using Electric (Edlt->New 
SPICE Part...) you will have to add the following: 

• A Voltage Source for the vdd power supply (DC 5) 

• A Voltage Meter on both the Q and Qbar outputs. 

• Some form of docked Voltage Source on the ck and cb inputs. Usually a 
PULSE signal is used. Make sure times are in n (for nano) seconds. 

• Some form of “docked" Voltage Source on the D input Usually a PULSE 
signal is used. Make sure times are in n (for nano) seconds. 

• A Transient analysis part to set the SPICE deck up for a timing type of 
analysis. Use 0.1n500n. 


Engineering Physics student please note: Electric and WinSpice should be available 
by copying them from the Winapp directory on the computer named Rube in the 
Engineer domain accessed from the Network Neighborhood 
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FACET S-latcn FROM LIBRARY ass3 *** 

‘ FACET CREATED Tue Mar 06 17:56:37 2001 
** VERSION 1 LAST REVISED Wed Mar 07 12:08:57 2001 
'■ * EXTRACTED BY ELECTRIC DESIGN SYSTEM, VERSION 5.7.3 
'* UC SPICE *** , MIN_RESIST 50.000000, MIN_CAPAC 0.040000FF 
OPTIONS NOMOD NOPAGE 

Morthern Telecom 3 Micron CMOS PROCESS 

Models Taken From CMC Document GICIS 3.0, January 1987 

Parameters expressed in terms of real microns 

'PTIONS DEFL=3UM DEFW=3UM DEFAS=60PM DEFAD=60PM 
MIMPTS=20000 ITL3 = 10 ITL4=30 ITL5=40000 
LVLTIM=2 ITL6=30 METHOD=TRAP GMIN=1.E-10 
ABSTOL=10PA vntol=iouv 

MODEL N NMOS ( LEVEL=1 VTO=0.7 KP=40E-6 GAMMA=1.1 PHI=0.6 
LAMBDA-1.0E-2 PB=0.7 CGSO=3.E-10 CGDO=3.E-10 CGBO=5.0E-10 
RSH=2 5 CJ=4.4E-4 MJ=0.5 CJSW=4E-10 MJSW=0.3 JS=1.0E-5 
TOX=5.OE-8 NSUB=1.7E+16 TPG=1 XJ=6.0E-7 LD=3.5E-7 UO=775 ) 

MODEL P PMOS ( LEVEL=1 VTO=-0.8 KP=12.E-6 GAMMA=0.6 PHI=0.6 
LAMBDA-3.0E-2 PB=0.6 CGSO=2.5E-10 CGDO=2.5E-10 CGBO=5.0E-10 
RSH-80 CJ=1.5E-4 MJ=0.6 CJSW=4.E-10 MJSW=0.6 JS-1.0E-5 
TOX=5.0E-8 NSUB=5.OE+15 TPG=1 XJ=5.E-7 LD=2.50E-7 UO=250 ) 
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3’JBCKT clk_inv a z vdd ck cb 
' POWER NET: vdd 

• GROUND NET: 0 (gnd) 

' PORT a (network: a) 

PORT z (network: z) 

' PORT vdd (network: vdd) 

• PORT ck (network: ck) 

" PORT cb (network: cb) 

'.ode6 z cb net2 vdd P L=3.00U W=9.00U AS=97.2 0P AD=91.80P PS = 30.60U 
PD=38.40U 

..ode7 net2 a vdd vdd P L=3.00U W=9.00U AS=70.20P AD=97.20P PS=33.60U 


PD=30.60U 

node 10 netl a 0 0 N L=3.00u W=3.00U AS=36.36P AD=15.30P PS=26.40U PD=13.20U 
.node11 z ck netl 0 N L=3.00U W=3.00U AS=15.30P AD=77.76P PS=13.20U PD=54.00U 
' Extracted Parasitic Elements: 

: a 0 11.39F 

2 ck 0 9.80F 

■\ vdd 0 11.91F 

i z 0 7.39F 

5 cb 0 10.06F 

ENDS clk_inv 


S'JBCKT inverter a z vdd 
POWER NET: vdd 

* GROUND NET: 0 (gnd) 

' PORT a (network: a) 

' PORT z (network: z) 

* PORT vdd (network: vdd) 

:-ode7 z a 0 0 N L=3.00U W=3.00U AS=75.96P AD=36.36P PS=52.80U PD=26.40U 
'nodel0 z a vdd vdd P L=3.00U W=9.00U AS=104.76P AD=70.20P PS=62.40U 
PD=3 3.60U 

* Extracted Parasitic Elements: 

1 vdd 0 3.06F 

2 a 0 12.18F 

3 z 0 7.39F 

ENDS inverter 




** Extracted Parasitic Elements: 

Cl Vdd 0 

33.90F 

C2 Q 0 

11.68F 

C3 ck 0 

13.60F 

C4 cb 0 

17.04F 

C5 Qbar 0 

31.18F 

.END 



e<A 


c od e. 



% ft e \s : 

VIN CVC O 

Co 5 \ °! KJ% a«OS 

M tW\ 

Cb O 

C? O 2^S o)fO S \\jfsj 

V cc 

V OD 

o oc S 


O o 

PvaN^C^O ^ ^ rJ s £ 10'S 

^CC V 

Gr N O 

o Oc o 

. p r v 

Wa 

^^ M C 

vs. OiM'i 

rJ S . 1 fsJ £ 


’* TOP LEVEL FACET: s-latch{lay} 
POWER NET: Vdd 

• GROUND NET: 0 (Vss) 

' PORT Qbar (network: Qbar) 

• PORT Q (network: Q) 

- PORT ck (network: ck) 

■ PORT Vdd (network: Vdd) 

' PORT D (network: D) 

• PORT cb (network: cb) 

nodel D Qbar Vdd ck cb clk_inv 
ode2 Q Qbar Vdd cb ck clk_inv 
ode3 Qbar Q Vdd inverter 
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E.E. 451.3 VLSI Circuit Desic 

ASSIGNMENT #5 

Out: March 20 th , 2001 
Due: March 29 th , 2001 

1. All parts of this question concern a schematic design of a D-type Static Latch. The correct 
circuit is shown below. 



a) Write the structural VHDL code necessary to implement the above circuit. Note that 
a dkjnv standard cell does NOT exist in the NC3LIB standard cell library (i.e., 
cmos3dlm.txt). Therefore you will have to make one out of an inverter standard cell 
followed by a tgate (i.e., transmission gate) standard cell. See circuit below. Use as 
much hierarchy as possible in your design. Assume that you have a single-phase 
dock available and that you have to generate the two-phase dock. 



- Design of D-Type Static Latch 



--TopLevel Interface 


ENTITY D_Static_Latch IS 

PORT (D, CLK: IN BIT; Q, QB: OUT BIT); 

END; 


-Architecture of D_Static_Latch 


ARCHITECTURE D_Static_Latch_body of D_Static_Latch is 

COMPONENT Clocked .Inverter PORT (A, CK, CB: IN BIT; Z: OUT BIT); 
END COMPONENT; 

COMPONENT twophase PORT (inphi: IN BIT; phi, phiban OUT BIT): 
END COMPONENT; 

COMPONENT Inverter PORT(A: IN BIT; Z: OUT BIT); 

END COMPONENT; 

SIGNAL pm, phtbar. BIT; 

BEGIN 

Two_Phase_Clk: twophase PORT MAP (CLK, phi, phibar); 
lnverter_1: Inverter PORT MAP (QB, Q); / 

Cikdjnverterjl: Clockedjnverter PORT MAP (D, phi, phibar, QB); 
Clcdjnverter_2: Clockedjnverter PORT MAP (Q, phibar, phi, QB); 

END; \ 


- Clocked_lnverter 


ENTITY Clockedjnverter IS 

PORT (A, CK, CB: IN BIT; NotA: OUT BIT); 

END Clockedjnverter; 


-Architecture of Clockedjnverter 


ARCHITECTURE Ciocked_lnverter_body of Clockedjnverter is 
COMPONENT Inverter PORT(A: IN BIT; NotA: OUT BIT); 
END COMPONENT; / 

COMPONENT tgate PORT(CK, CB A B: IN BIT); 

END COMPONENT; / 

SIGNAL Alena: BIT; / 

BEGIN \ / 

lnverter_too: Inverter PORT MAPJA, Alena); 

Fence: tgate PORT MAP (CK, CB, Alena, NotA); 

END; 
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